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An intervertebral prosthetic device (10, 76) for replacement of an 
intervertrebral disc includes a first fixation member (14, 78) for fixation within 
a first vertebral body (20) and a second fixation member (16, 80) for fixation 
within a second vertebral body (22) adjacent the first vertebral body (20). The 
present prosthetic device (10, 76) also includes a compressible member (18, 
82) for positioning between the first (14, 78) and second (16, 80) fixation 
members. The compressible member (18, 82) has an outer periphery less than 
or substantially equal to a diameter of a nucleus pulposus of the intervertebral 
disc. The compressible member (18, 82) thus essentially fits within the annulus 
fibrosis of the intervertebral disc. The compressible member (18, 82) also has 
at least one spring (40. 54. 58, 62) that can be pre-loaded to place the annulus 
fibrosis under tension and to reproduce the mechanical properties of a natural 
disc. 
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INTERVERTEBRAL PROSTHETIC DEVICE 

Backgroun d of the Invention 

This invention relates to a novel intervertebral 
prosthetic device. More particularly, this invention 
5 relates to an intervertebral prosthetic device that can 
be implanted to replace a damaged intervertebral disc. 

The human spine is a flexible structure comprised 
of thirty-three vertebrae. Intervertebral discs separate 
and cushion adjacent vertebrae. The intervertebral discs 
10 act as shock absorbers and allow bending between the 
vertebrae . 

An intervertebral disc comprises two major 
components: the nucleus pulposus and the annulus 
fibrosis. The nucleus pulposus is centrally located in 

15 the disc and occupies 25-40% of the disc's total cross- 
sectional area. The nucleus pulposus usually contains 
70-90% water by weight and mechanically functions like 
an incompressible hydrostatic material. The annulus 
fibrosis surrounds the nucleus pulposus and resists 

20 torsional and bending forces applied to the disc. The 
annulus fibrosis thus serves as the disc's main 
stabilizing structure. Vertebral end-plates separate 
the disc from the vertebral bodies on either side of the 
disc. 

25 Individuals with damaged or degenerated discs often 

experience significant pain. The pain results in part 
from instability in the intervertebral joint due to a 
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loss of hydrostatic pressure in the nucleus pulposus. 
Loss of hydrostatic pressure leads to a loss of disc 
height. 

A conventional treatment for degenerative disc 
5 disease is spinal fusion. In one such surgical 
procedure, a surgeon removes the damaged natural disc 
and then fuses the two adjacent vertebral bones into one 
piece. The surgeon fuses the vertebral bones by grafting 
bone between the adjacent vertebrae and sometimes uses 

10 metal rods, cages, or screws to hold the graft in place 
until the graft heals. Other fusion procedures do not 
require surgical removal of the disc. 

Although spinal fusion may alleviate pain associated 
with degenerative disc disease, it also results in loss 

15 of motion at the fused vertebral joint. Lack of motion 
at the fused site puts additional pressure on the discs 
above and below the fusion, sometimes causing them to 
degenerate and produce pain. To remedy the problems 
associated with spinal fusion, prosthetic devices were 

20 developed to replace the damaged disc with a suitable 
biomechanical equivalent. 

Existing prosthetic devices have met with limited 
success in reproducing the biomechanics of a natural 
disc. For example, U.S. Patent No. 4,759,769 to Hedman 

25 et . al . discloses a synthetic disc having upper and lower 
plates hinged together. Although the hinged disc allows 
forward bending between adjacent vertebrae, the hinged 
disc does not allow axial compression or lateral flexion. 
Nor does it allow axial rotation of the vertebral column 

30 at the site of the implant. Therefore, the Hedman et. 
al . device lacks the biomechanics of a natural disc. 

Likewise, the prosthetic disc device disclosed in 
U.S. Patent No. 4,309,777 to Patil does not replicate 
natural motion between adjacent discs. The Patil device 

35 includes two cups, one overlapping the other and spaced 
from the other by springs. The cups move only in a 
single axial dimension. The Patil device thus does not 
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enable natural flexion of the spine in any direction. 
In addition, the highly constrained motion of the Patil 
device can lead to high device/tissue interface stresses 
and implant loosening. 
5 Many synthetic disc devices connect to the vertebral 

bodies by conventional mechanical attachments, such as 
pegs or screws, which are known to loosen under cyclic 
loading conditions. Other synthetic disc devices use 
-plastic or elastomer ic components which, over a lifetime, 
10 produce debris from wear and possible unknown side 
effects. 

The problems suggested in the preceding are not 
intended to be exhaustive but rather are among many which 
tend to reduce the effectiveness of known intervertebral 
15 prosthetic devices. Other noteworthy problems may also 
exist; however, those presented above should be 
sufficient to demonstrate that currently known devices 
are amenable to worthwhile improvement. 

Summary of the Invention 

20 Accordingly, it is a general object of the invention 

to provide an intervertebral disc prosthetic and method 
for implanting the same which will obviate or minimize 
difficulties of the type previously described. 

More particularly, it is a specific object of the 

25 invention to provide an intervertebral prosthetic device 
which replicates the mechanical properties of a natural 
intervertebral disc. 

It is another object of the invention to provide 
an intervertebral prosthetic device which restores disc 

30 height, defined as the axial distance between vertebrae 
adjacent the damaged disc, and which duplicates the range 
of motion of a natural intervertebral joint. 

It is still another object of the invention to 
provide an intervertebral prosthetic device which may 

35 be implanted and maintained in stable relation to 
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adjacent vertebrae without conventional mechanical 
attachments • 

It is a further object of the invention to provide 
an intervertebral disc prosthesis which suffers minimal 
5 degradation of the prosthetic material and which produces 
minimal wear debris under long-term cyclic loading 
conditions. 

It is yet a further object of the invention to 
provide an intervertebral prosthetic device which axially 

10 compresses and thus dissipates energy, may be easily 
repaired or replaced, may be easily manufactured and 
utilized by a surgeon, and is durable and modular. 

It is yet another object of the invention to provide 
a method of implanting an intervertebral prosthetic 

15 device which stabilizes an operative intervertebral joint 
and restores the mechanical properties of a degenerated 
disc. 

These objectives are achieved by an intervertebral 
prosthetic device having a first fixation member, a 

20 second fixation member, and a compressible member 
disposed between them. The first fixation member is 
implanted within a first vertebral body, and the second 
fixation member is implanted within a second vertebral 
body adjacent the first vertebral body. 

25 The first fixation member generally comprises an 

adjustable member and a support member. The adjustable 
member preferably has a first plate, a second plate, and 
at least one adjustment element that extends between the 
two plates and enables adjustment of the height of the 

30 adjustable member along its longitudinal axis. The first 
plate is operably positioned against subchondral bone 
of a distant end -plate of the first vertebral body, and 
the second plate is operably positioned against the 
support member. 

35 The second fixation member may include both a 

support member and an adjustable member or, in an 
alternative embodiment, may include only a support 
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member. In the first embodiment , the adjustable member 
is structurally similar to the adjustable member of the 
first fixation member and includes a first plate for 
positioning against subchondral bone of a distant end- 
5 plate of the second vertebral body, a second plate for 
positioning against the support member, and at least one 
adjustment element extending between the two plates. 
In the second embodiment, the support member is operably 
positioned against a near end-plate of the second 

10 vertebral body. 

One of skill in the art will recognize that, like 
the second fixation member, the first fixation member 
may comprise only a support member, depending on the 
patients needs. Moreover, the support members are 

15 modular. The support members are generally wedge-shaped 
and may be made in difference sizes to accommodate the 
angle between adjacent vertebrae at a specific vertebral 
level. The angle between adjacent vertebrae typically 
ranges between 3-10 degrees, and, thus the angle created 

20 by opposing surfaces of the wedge-shaped support member 
falls within that same range. 

The compressible member has an outer periphery less 
than or substantially equal to the diameter of the 
nucleus pulposus of the operative intervertebral disc. 

25 In other words, the compressible member is sized to 
replace the nucleus pulposus of an intervertebral disc 
and essentially to fit within the annulus fibrosis of 
the intervertebral disc. The compressible member 
comprises at least one spring that can be pre-stressed 

30 or pre-loaded to place the annulus fibrosis under tension 
and to reproduce the mechanical properties of a natural 
disc. Maintaining the annulus fibrosis under tension 
results in an artificial intervertebral joint that is 
stable. 

35 The fixation members include a porous surface 

suitable for bone ingrowth so that the fixation members 
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fuse to the vertebrae without requiring conventional 
mechanical attachments. 

Additional objects and advantages of the invention 
are set forth in the description which follows, and in 
5 part will be obvious from the description, or may be 
learned by practice of the invention. The objects and 
advantages of the invention may be realized and obtained 
by means of the instrumentalities and combinations 
particularly pointed out in the specification and the 
10 appended claims. 

Brief Descript ion of the Drawings 

The accompanying drawings, which are incorporated 
in and constitute a part of the specification, illustrate 
a presently preferred embodiment of the invention, and, 
15 together with the general description given above and 
the detailed description of the preferred embodiment 
given below, serve to explain the principles of the 
invention. 

Figure 1 is a schematic, cut-away, side view of an 
20 intervertebral prosthetic device implanted in a spine 
in accordance with a preferred embodiment of the 
invention; 

Figure 2 is a top perspective view of a compressible 
member of the subject intervertebral prosthetic device; 
25 Figures 3A-3C are top perspective views of different 

embodiments of a spring of the compressible member of 
the subject intervertebral prosthetic device; 

Figure 4 is a top perspective, partially exploded 
view of a fixation member of the subject intervertebral 
30 prosthetic device and shows an adjustable member and a 
support member; 

Figure 5 is a top view of a second plate of the 
adjustable member; 

Figure 6 is a side view, in cross-section, of the 
35 support member; 
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Figure 7 is a schematic, cut-away, side view of an 
intervertebral prosthetic device implanted in a spine 
in accordance with another preferred embodiment of the 
invention; 

5 Figure 8 is a schematic, cut-away, side view showing 

subchondral bones of a superior vertebral body after a 
partial vertebrectomy; 

Figure 9 is a sectional view of a vertebrae after 
a partial vertebrectomy, as taken along line 9-9 of 
10 Figure 8; 

Figure 10 is a schematic, cut-away, side view of 
a vertebral joint area after a partial vertebrectomy and 
excision of a nucleus pulposus of a natural disc; 

Figure 11 is a schematic, cut-away, side view of 
15 a vertebral joint and shows a fixation member, including 
an adjustable member and a support member, implanted in 
an inferior vertebral body; 

Figure 12 is a schematic, cut-away, side view of 
a vertebral joint and shows a compressible member 
20 implanted in an intervertebral joint; 

Figure 13 is a schematic, cut-away, side view of 
a vertebral joint and shows a technique for adjusting 
the height of an adjustable member implanted in a 
superior vertebral body; and 
25 Figure 14 is a schematic, cut-away, side view of 

a vertebral joint and shows a technique for bone grafting 
an adjustable member in a superior vertebral body. 

Detailed Description of the Preferred Embodiments 

Referring now to the drawings, wherein like numerals 
30 indicate like parts, and initially to Figure 1, there 
will be seen an intervertebral prosthetic device, 
generally indicated 10, implanted in a spine 12 in 
accordance with a preferred embodiment of the present 
invention. The intervertebral prosthetic device 10 is 
35 designed to replace a damaged natural disc. The 
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intervertebral prosthetic device 10 has a first fixation 
member 14, a second fixation member 16, and a 
compressible member 18 that is positioned between the 
first fixation member 14 and the second fixation member 
5 16. 

The first fixation member 14 is positioned in a 
first vertebral body 20, and the second fixation member 
16 is positioned within a second vertebral body 22 
adjacent the first vertebral body 20. Each fixation 

10 member 14 and 16 has an adjustable member 28 and 30, 
respectively, and a support member 32 and 34, 
respectively. Each fixation member also has a bone- 
contacting surface, preferably porous, for positioning 
against subchondral bone of an associated vertebral body. 

15 In Figure 1, a bone-contacting surface 27 of the 
adjustable member 28 is positioned against the 
subchondral bone of an end-plate 36 of the superior 
vertebral body 20, and a bone-contacting surface 29 of 
the adjustable member 30 is positioned against the 

20 subchondral bone of an end-plate 38 of the inferior 
vertebral body 22. As will be described below, the 
present intervertebral prosthetic device does not require 
conventional mechanical attachments, such as pegs or 
screws, to hold the prosthetic device in place. The 

25 intravertebral (i.e., within a vertebral body) 
positioning of the fixation members maintains the 
prosthetic device in stable relationship at the operative 
intervertebral joint. 

The adjustable member 28 of the first fixation 

30 member 14 has an imaginary first longitudinal axis, shown 
by dashed line A-A, and adjustment elements 24 that allow 
adjustment of the height of the adjustable member 28 
substantially along its longitudinal axis A-A. In the 
embodiment shown in Figure 1, the second fixation member 

35 16 is structurally similar to the first fixation member 
14, but inverted. The adjustable member 30 of the second 
fixation member 16 has a second longitudinal axis, shown 
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by dashed line B-B, and adjustment elements 26 that allow 
adjustment of the height of the adjustable member 30 
substantially along its longitudinal axis B-B, 

The compressible member 18 comprises at least one 
5 spring and, in a preferred embodiment, comprises a 
plurality of springs 40. One skilled in the art, 
however, will recognize that the compressible member may 
comprise other suitable configurations. For example, 
the compressible member may comprise a monolithic body 

10 made of an biocompatible material compressible in an 
axial direction, that is, a direction substantially 
parallel to the spine. 

The compressible member 18 is implanted in the 
region of an excavated nucleus pulposus of the operative 

15 intervertebral disc. The compressible member 18 is 
dimensioned so that the annulus fibrosis of the natural 
disc is maintained. The present intervertebral 
prosthetic device restores the mechanical properties of 
the nucleus pulposus without disrupting the annulus 

20 fibrosis. Retention of the annulus fibrosis maintains 
stability of the intervertebral joint at the implant 
site. In addition, the annulus fibrosis serves as a 
boundary for the compressible member and minimizes 
accidental dislodgement of the prosthetic device. 

25 Significantly, the intervertebral prosthetic device 

10 permits at least four degrees of relative motion 
between the first vertebral body 20 and the second 
vertebral body 22. These degrees of relative motion 
include sagittal bending, coronal bending, axial 

30 rotation, and axial compression. Moreover, the 
compressible member permits small increments of 
translational movement between the vertebral bodies 
(i.e. , fifth and sixth degrees of relative motion, namely 
anterior-posterior translation and side-to-side, or 

35 lateral, translation). 

A preferred embodiment of the compressible member 
18 is shown in Figure 2. The compressible member 18 has 
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a top plate 42, a bottom plate 44 , and a plurality of 
coil springs 40 extending between the top plate 42 and 
the bottom plate 44. The top plate 42 has a first 
surface 46, which is connectable to the first fixation 
5 member 14, and a second surface 48. The bottom plate 
44 also has a first surface 50, which is connectable to 
the second fixation member 16, and a second surface 52. 
The springs 40 extend between the second surfaces 48 and 
52. 

10 When pre-loaded, as will be explained in more detail 

below, the compressible member 18 preferably has an axial 
height of approximately 1.5 cm, greatest at the L45 
vertebral level and slightly less at the upper lumbar 
vertebrae. The coil springs 40 are preferably designed 

15 to have non-linear stiffness so that they become stif f er 
at higher applied loads. The nonlinear stiffness 
simulates physiological intervertebral stiffness. 

One skilled in the art will recognize other 
embodiments contemplated by the present invention. For 

20 example, the compressible member 18 may comprise a 
plurality of springs extending between, and directly 
connected to, support members 32 and 34. Alternatively, 
the compressible member 18 may comprise a single spring 
with a relatively large coil diameter (not shown) 

25 extending between, and directly connected to, the support 
members 32 and 34. Any spring arrangement may be 
utilized that achieves sufficient axial compressive force 
to replicate the biomechanics of the natural disc. 

In each embodiment, the compressible member includes 

30 an imaginary longitudinal axis, shown by the dashed line 
C-C in Figure 2, and an outer periphery in a plane 
transverse to the longitudinal axis C-C. A largest 
dimension of the compressible member's outer periphery 
is less than or substantially equal to the diameter of 

35 a nucleus pulposus of the natural intervertebral disc. 
Put another way, the annulus fibrosis of the natural 
disc, which is substantially preserved in the 
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implantation procedure, circumscribes the compressible 
member 18. For example, where the compressible member 
comprises a plurality of springs, the outer periphery 
of the compressible member circumscribes the springs, 
5 and the largest dimension of that outer periphery may 
extend to, but does not extend beyond, the nucleus 
pulposus. In other embodiment, where the compressible 
member includes a top plate and a bottom plate, and where 
those plates fit within the annulus fibrosis and extend 

10 beyond the outermost portions of the springs, the outer 
periphery equals the larger of the two plate peripheries. 
In quantitative terms, the outer periphery of the 
compressible member preferably ranges between 2.0 cm to 
3.0 cm, which approximates the diameter of the nucleus 

15 pulposus of a natural intervertebral disc. 

Figures 3A-3C show three embodiments of a coil 
spring designed to possess non-linear stiffness. In the 
embodiment of Figure 3A, the coil spring 54 has a 
variable, or non-uniform, cross-sectional diameter 56. 

20 Figure 3B shows another embodiment in which a coil spring 
58 has a variable pitch 60, where the pitch is defined 
as the distance between successive coils of the spring 
58. Figure 3C shows a third embodiment of a coil spring 
62 in which at least two of the spring coils have 

25 different radii 64 measured from an imaginary axis D-D 
extending along the central axis of the spring 62. 

Figure 4 shows a preferred embodiment of the first 
fixation member 14. In the embodiment shown in Figure 
1, the second fixation member 16 is structurally similar 

30 to the first fixation member 14, but inverted. The 
following discussion thus also applies to the second 
fixation member 16. 

The fixation member 14 comprises an adjustable 
member, generally indicated 28, and a support member 32. 

35 The adjustable member 28 is adjustable in an axial 
direction by adjustment elements 24. The adjustment 
elements 24 preferably comprise telescopic struts 
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extending between a first plate 31 and a second plate 
33. In a preferred embodiment, the first plate 31 has 
a bone-contacting surface, such as 27 shown in an 
operative context in Figure 1, and the second plate has 
5 a surface 35 for positioning against the support member 
32. Although the illustrative embodiment shows flat 
plates 31 and 33, it will be understood by those skilled 
in the art that these structures need not be flat and 
may, for example, have undulating surfaces. In fact, 

10 in one embodiment, the bone-contacting surface 27 of the 
first plate 31 is concave to match the contour of the 
subchondral bone of the associated vertebral body. 

The adjustment elements 24 adjust the distance 
between the first bone-contacting plate 31 and the second 

15 plate 33, thus adjusting the height of the adjustable 
member 28. A surgeon may adjust the telescopic struts 
to increase the height of the adjustable member and thus 
pre-load the compressible member to mechanically 
reproduce the axial compression absorbed by a nucleus 

20 pulposus of a natural disc. Pre-loading the compressible 
member restores the intervertebral height at the 
operative joint and restores the function of the annulus 
fibrosis. The annulus fibrosis load shares with the 
compressible member which reduces implant/tissue 

25 interface stresses. 

Each telescopic strut is provided with a lock screw 
63 to adjust the length of the strut 24 and hence control 
the height of the adjustable member. The lock screw 63 
may comprise, for example, a pin (not shown) that extends 

30 through both the telescoping portion 65 and the housing 
portion 67 of the strut 24. Each strut 24 is 
independently adjustable. Figure 5 shows a top view of 
the second plate 33 of the adjustable member 28. The 
adjustment elements 24 preferably are spaced equidistant 

35 from each other to enable specific height adjustment of 
various regions of the adjustable member. 
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A key feature of the present invention is that 
controlling the height of the adjustable members 28 and 
30, along with selecting an appropriately-sized support 
member, controls the "disc" height. The disc height is 
5 defined as the axial distance between the vertebrae above 
and below the operative disc. In addition to restoring 
the disc height, the compressible member 18 acts as a 
shock absorber to minimize impact loading and, thus, 
minimize device failure or vertebral fracture. 

10 In a preferred embodiment, the first and second 

fixation members 14 and 16 have porous portions, such 
as the bone-contacting surface 27, to permit bone 
ingrowth. In another embodiment, a biocompatible fabric 
or suitable material may be wrapped around the fixation 

15 members to enable bone ingrowth. The present prosthetic 
device does not require conventional mechanical 
attachments, such as pegs or screws, to hold the 
prosthesis permanently in place. The present prosthetic 
device, however, may include mechanical or other 

20 attachments to supplement the porous portions of the 
fixation members and to temporarily fix the prosthetic 
device in place until bone ingrowth has occurred. 

To further promote bone ingrowth, the adjustment 
elements 24 may include fins 66 extending outward from 

25 an exterior surface of the element 24, as shown in Figure 
4. The fins 66 increase the surface area of the fixation 
member 14 to which bone may attach. Preferably, these 
fins 66 are located on the adjustment elements that are 
positioned on the anterior side of the adjustable member 

30 28. The present prosthetic device also may include 
protuberances (not shown) on the bone-contacting surface 
of the adjustable members to increase the surface area 
of the porous portion of the fixation members and, thus, 
encourage bone ingrowth. 

35 Figure 6 shows a cross-section of support member 

32. The support member 32 has a first surface 72 that 
operably faces away from the compressible member 18 and 


WO 98/22050 


PCT/US97/19610 


-14- 

a second surface 74 that operably faces towards the 
compressible member 18. The first and second surfaces 
72 and 74 are oblique so that a circumferential surface 
77 around the support member 32 varies in width, as shown 
5 in Figure 4. The support member 32 thus is wedge-shaped. 
In other words, the support member 32 preferably tapers 
from a maximum thickness at one side 73 to a minimum 
thickness at an opposite side 75. Generally, the support 
member 32 is thicker on the side of the fixation member 

10 14 placed anteriorly in a patient's spine to account for 
the spine's natural curvature. 

The support members are constructed with various 
thicknesses and with various angled surfaces, depending 
upon the vertebral level of the operative intervertebral 

15 joint. An angle e shown in Figure 6 ranges between 3-10 
degrees. The support members are shaped to maintain 
sagittal alignment. Maintaining sagittal alignment 
avoids nonuniform loading of the compressible member and 
avoids early fatigue failure of that member. 

20 Figure 7 shows another embodiment of the present 

intervertebral prosthetic device, generally indicated 
76, which comprises a first fixation member 78, a second 
fixation member 80, and a compressible member 82. The 
compressible member 82 is positioned between the first 

25 and second fixation members 78 and 80. The second 
fixation member comprises a wedge-shaped support member 
with an upper surface 84 that attaches to the 
compressible member 82 and a lower surface 86 that rests 
upon subchondral bone of a near end -plate 88 of an 

30 inferior vertebral body. In this embodiment, adjustment 
of the first fixation member 78 pre-loads the 
compressible member 82 to an appropriate extent. This 
embodiment is particularly suited for young patients. 
Also, in this embodiment, a lower surface 86 of the 

35 support member 80 has a slightly convex shape to match 
the natural contour of the near end-plate of the inferior 
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vertebral body. The surface 86 is preferably composed 
of a porous material. 

As evident from the embodiments of Figures 1 and 
7, the present intervertebral prosthetic device has a 
5 modular design so that the prosthesis may be sized to 
the patient's anatomy and designed for the patient's 
condition. The modular design also enables replacement 
of individual components of the prosthesis (i.e., an 
adjustable member, a support member, or a compressible 

10 member) , rather than replacement of the entire prosthesis 
should one component fail. The compressible member is 
preferably attached to the fixation members by mechanical 
attachments, such screws, rather than bone cement so that 
a surgeon may easily replace damaged or worn components. 

15 Moreover, because the present prosthetic device has 

no ball bearings, rollers, or hinges, it produces little 
wear debris. And, because the present prosthetic device 
need not include plastic polymers or elastomeric 
components, the present prosthetic device does not 

20 degrade under long-term cyclic loading conditions. 

The present prosthetic device comprises 
biocompatible metallic materials, preferably a titanium 
alloy having, for example, 4% vanadium and 6% aluminum. 
Persons of skill in the art will recognize other suitable 

25 materials, for example, a cobalt-chromium alloy, such 
as alloy number 301. Alternatively, the present 
prosthetic device, with the exception of the springs of 
the compressible member, may comprise a ceramic material, 
such as aluminium oxide and zirconium oxide. The porous 

30 surfaces of the bone-contacting member and support member 
may be coated with hydroxyapatite or bioactive proteins 
(e.g., bone morphogenic protein) to encourage bone 
ingrowth. 

A method of intervertebral disc replacement now will 
35 be described in connection with Figures 8-14. Figure 
8 shows a pathological intervertebral disc 90 located 
between a superior vertebral body 92 and an inferior 
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vertebral body 94 • Prior to implantation, a surgeon 
performs a partial vertebrectomy to excise bone matter 
from the superior vertebral body 92 for receipt of a 
fixation member. The partial vertebrectomy creates a 
5 cavity bounded by subchondral bone of a distant end-plate 
96 and subchondral bone of a near end-plate 98 of the 
superior vertebral body 92. Figure 9 shows a cross- 
sectional view of the superior vertebral body 92 after 
the partial vertebrectomy, as taken along line 9-9 in 

10 Figure 8. 

The surgeon next excises the nucleus pulposus of 
the damaged disc to create a cavity 100, as shown in 
Figure 10, for receipt of the compressible member. The 
annulus fibrosis 102, seen in Figure 11, is maintained. 

15 The surgeon may perform a partial vertebrectomy on the 
inferior vertebral body or may excise cartilage matter 
only to the near end-plate, depending upon whether the 
surgeon implants the embodiment shown in Figure 1 or the 
embodiment shown in Figure 7, respectively. The 

20 following description details implantation of the 
prosthesis shown in Figure 1; however, one of skill in 
the art would understand how to modify the procedure 
described below to implant the prosthesis of Figure 7. 
Upon completion of the partial vertebrectomies , the 

25 surgeon implants a fixation member 104 into the inferior 
vertebral body 94, as shown in Figure 11. The surgeon 
selects a support member with an appropriate thickness 
to accommodate the angulation at the operative 
intervertebral levels. The surgeon then inserts a 

30 compressible member 106 into the cavity formerly 
containing the nucleus pulposus of the damaged disc and 
connects it to the fixation member 104, as shown in 
Figure 12. The compressible member 106 and the fixation 
member 104 may be connected by conventional attachment 

35 members, such as screws , or by biocompatible cement or 
a suitable adhesive composition- Finally, the surgeon 
implants another fixation member, similar to the one 
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implanted in the inferior vertebral body 94, yet 
inverted, in the superior vertebral body 92. Connection 
of that fixation member to the compressible member 106 
forms an intervertebral prosthetic device like the one 
5 shown in Figure 1. 

Once the fixation members are in place, the surgeon 
expands each adjustable member, one at a time, by placing 
a spreader device with a calibrated tensiometer between 
the first and second plates of the adjustable member. 

10 The surgeon applies distraction until the adjustable 
member is seated against the subchondral bone of the 
vertebral body and until the desired compression has been 
applied to the compressible member. The adjustment 
elements of the adjustable member are then secured. 

15 Figure 13 shows rotation of the lock screws 112 of 
individual telescopic struts 108 to secure the struts 
at an appropriate height. 

The surgeon next packs cancellous bone grafts 118 
around the struts of each adjustable member, as shown 

20 in Figure 14. The growth of bone around the fixation 
member and into its porous surfaces secures the 
intervertebral prosthetic device in place, absent 
mechanical attachments typically used in conventional 
disc prostheses. The surgeon then replaces the cortical 

25 bone from the partial vertebrectomy procedure and secures 
it with a bone screw or bone cement. 

Additional advantages and modifications will readily 
occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the 

30 specific details, and representative devices, shown and 
described herein. Accordingly, various modifications 
may be made without departing from the spirit or scope 
of the general inventive concept as defined by the 
appended claims and their equivalents. 
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What Is Claimed Is: 

1. An intervertebral prosthetic device for 
replacement of a nucleus pulposus of an intervertebral 
disc, comprising: 

5 a first intr avert ebral fixation member for fixation 

within a cavity of a first vertebral body, said first 
fixation member having a bone-contacting surface for 
positioning against subchondral bone of the first 
vertebral body, said first fixation member having at 
10 least one adjustable member for adjusting the length 
thereof ; 

a second intravertebral fixation member for fixation 
within a cavity of a second vertebral body adjacent the 
first vertebral body, said second fixation member having 

15 a bone-contacting surface for positioning against 
subchondral bone of the second vertebral body; and 

a compressible member for positioning between said 
first fixation member and said second fixation member, 
said compressible member having a top plate connected 

20 to said first fixation member, a bottom plate connected 
to said second fixation member, and at least one 
compressible element therebetween that remains 
compressible after implantation, said compressible member 
further having an outer periphery less than or 

25 substantially equal to a diameter of the nucleus pulposus 
of the intervertebral disc. 

2. A prosthetic device according to claim 1 
wherein said first fixation member comprises a first 
support member and a first adjustable member that adjusts 

30 along a longitudinal axis of said first adjustable 
member . 

3. A prosthetic device according to claim 2 
wherein said second fixation member comprises a second 
support member and a second adjustable member that 
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adjusts along a longitudinal axis of said second 
adjustable member. 

4. A prosthetic device according to claim 3 
wherein said first adjustable member and said second 
5 adjustable member each have at least one adjustment 
element that adjusts a height of a respective one of said 
first adjustable member and said second adjustable 
member. 


5. A prosthetic device according to claim 4 
10 wherein: 

each of said first adjustable member and said second 
adjustable member has a first plate and a second plate; 

said at least one adjustment element of said first 
adjustable member comprises a telescopic strut extending 
15 between said first plate and said second plate of said 
first adjustable member, and 

said at least one adjustment element of said second 
adjustable member comprises a telescopic strut extending 
between said first plate and said second plate of said 
20 second adjustable member. 

6. A prosthetic device according to claim 4 
wherein said at least one adjustment element has an 
exterior surface and a fin extending outward from said 
exterior surface. 

25 7. A prosthetic device according to claim 1 

wherein said compressible member comprises at least one 
spring. 


8. A prosthetic device according to claim 1 
wherein each said bone-contacting surface is porous. 
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9. An intervertebral prosthetic device for 
replacement of a nucleus pulposus of an intervertebral 
disc, comprising: 

a first intravertebral fixation member for fixation 
5 within a cavity of a first vertebral body, said first 
fixation member having an adjustable member and a support 
member, said adjustable member having a bone-contacting 
portion, an other portion for positioning against said 
support member, and at least one adjustment element for 
10 adjusting a distance between said bone-contacting portion 
and said other portion; 

a second intravertebral fixation member for fixation 
within a cavity of a second vertebral body adjacent the 
first vertebral body; and 
15 a compressible member positioned between said first 

fixation member and said second fixation member, said 
compressible member remaining compressible after 
implantation and being dimensioned to operably replace 
the nucleus pulposus of the intervertebral disc. 

20 10. An intervertebral prosthetic device according 

to claim 9 wherein said second fixation member has an 
adjustable member and a support member, said adjustable 
member of said second fixation member having a bone- 
contacting portion, an other portion for positioning 

25 against said support member of said second fixation 
member, and at least one adjustment element for adjusting 
a distance between said bone-contacting portion of said 
second adjustable member and said other portion of said 
second adjustable member. 

30 11. An intervertebral prosthetic device according 

to claim 9 wherein said second fixation member comprises 
a support member. 


12 . An intervertebral prosthetic device according 
to claim 9 wherein said device enables at least four 
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degrees of relative motion between the first vertebral 
body and the second vertebral body, 

13. An intervertebral prosthetic device for 
replacement of a nucleus pulposus of an intervertebral 

5 disc, comprising: 

a first intravertebral fixation member for fixation 
within a cavity of a first vertebral body and having a 
first longitudinal axis and at least one adjustment 
element that adjusts a length dimension of said first 
10 fixation member along said first longitudinal axis; 

a second intravertebral fixation member for fixation 
within a cavity of a second vertebral body adjacent the 
first vertebral body; and 

a compressible member positioned between said first 
15 fixation member and said second fixation member and that 
remains compressible after implantation at the site of 
the replaced nucleus pulposus of the intervertebral disc. 

14. A prosthetic device according to claim 13 
wherein said first fixation member comprises an 

20 adjustable member and a support member, said adjustable 
member having a first bone-contacting plate and a second 
plate, said at least one adjustment element extending 
between said first bone-contacting plate and said second 
plate. 

25 15. A prosthetic device according to claim 13 

wherein said second fixation member has a second 
longitudinal axis and at least one adjustment element 
that adjusts a height of said second fixation member 
along said second longitudinal axis. 

30 16. A prosthetic device according to claim 15 

wherein each said at least one adjustment element has 
an exterior surface and at least one fin extending 
outward from said exterior surface. 
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17. A prosthetic device according to claim 15 
wherein each said at least one adjustment element 
comprises a telescopic strut, and adjustment of each said 
telescopic strut pre-loads said compressible member. 

5 18. A prosthetic device according to claim 14 

wherein said second fixation member comprises an 
adjustable member and a support member, said adjustable 
member having a first bone-contacting plate and a second 
plate, said at least one adjustment element of said 
10 second fixation member extending between said first bone- 
contacting plate of said second fixation member and said 
second plate of said second fixation member. 

19. A prosthetic device according to claim 18 
wherein each said first bone-contacting plate has a 

15 concave, bone-contacting surface. 

20. A prosthetic device according to claim 22 
wherein at least one of said first support member and 
said second support member has a first surface facing 
away from said compressible member and a second surface 

20 facing toward said compressible member, and said first 
surface and said second surface are oblique. 

21. An prosthetic device according to claim 22 
wherein at least one of said first support member and 
said second support member has a circumference that 

25 varies in width. 

22. A prosthetic device according to claim 13 
wherein said first fixation member has a first support 
member for placement between said at least one adjustment 
element and said compressible member, and said second 

30 fixation member comprises a second support member. 
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23. A prosthetic device according to claim 13 
wherein said compressible member comprises a top plate, 
a bottom plate, and at least one compressible element 
extending between said top plate and said bottom plate. 

5 24. A prosthetic device according to claim 23 

wherein: 

said top plate has a first surface and a second 
surface, said first surface of said top plate being 
connectable to said first fixation member, and 
10 said bottom plate has a first surface and a second 

surface, said first surface of said bottom plate being 
connectable to said second fixation member. 

25. A prosthetic device according to claim 23 
wherein said at least one compressible element comprises 

15 at least one spring. 

26. A prosthetic device according to claim 25 
wherein said at least one spring comprises a coil spring 
having a non-uniform cross-sectional diameter. 

27. A prosthetic device according to claim 25 
20 wherein said at least one spring has a non-uniform pitch. 

28. A prosthetic device according to claim 25 
wherein said at least one spring comprises a plurality 
of coils each having a cross-section, and at least two 
of said plurality of coils have different cross-sections. 

25 29. A prosthetic device according to claim 18 

wherein: 

said at least one adjustment element of said first 
fixation member comprises a plurality of adjustment 
elements, said plurality of adjustment elements extending 
30 between said first bone-contacting plate of said first 
fixation member and said second plate of said first 
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fixation member, said plurality of adjustment elements 
being spaced equidistant from each other; 

said at least one adjustment element of said second 
fixation member comprises a plurality of adjustment 
5 elements, said plurality of adjustment elements extending 
between said first bone-contacting plate of said second 
fixation member and said second plate of said second 
fixation member, said plurality of adjustment elements 
being spaced equidistant from each other. 

10 30. A prosthetic device according to claim 29 

wherein each of said plurality of adjustment elements 
is independently adjustable. 

31. A prosthetic device according to claim 13 
wherein said compressible member has a longitudinal axis 

15 and an outer periphery in a plane transverse to said 
longitudinal axis, a largest dimension of said outer 
periphery being less than or substantially equal to a 
diameter of a nucleus pulposus of an intervertebral disc. 

32. A prosthetic device according to claim 23 
20 wherein said compressible member has a longitudinal axis 

and an outer periphery in a plane transverse to said 
longitudinal axis, said outer periphery comprising a 
larger one of said periphery around said top plate and 
said periphery of said bottom plate, 

25 33. A prosthetic device according to claim 13 

wherein said compressible member has a longitudinal axis 
and an outer periphery in a plane transverse to said 
longitudinal axis, a largest dimension of said outer 
periphery being less than or substantially equal to 3.0 

30 cm. 

34. A prosthetic device according to claim 33 
wherein said compressible member comprises a plurality 


WO 98/22050 PCT/US97/19610 

-25- 

of springs and said outer periphery circumscribes said 
plurality of springs. 

35. A prosthetic device according to claim 13 
wherein said first fixation member and said second 

5 fixation member each have a porous portion. 

36. A prosthetic device according to claim 13 
wherein said prosthetic device comprises a biocompatible 
metallic material. 

37. A prosthetic device according to claim 36 
10 wherein said metallic material comprises at least one 

of a titanium alloy and a cobalt -chromium alloy. 

38. A prosthetic device according to claim 18 
wherein each said adjustable member and each said support 
member comprise a ceramic material. 

' 15 39. A prosthetic device according to claim 38 

wherein said ceramic material is at least one of an 
aluminium oxide and a zirconium oxide. 

40. A prosthetic device according to claim 13 
wherein said compressible member has a height of 

20 approximately 1.5 cm and a diameter of approximately 2.0 
to 3.0 cm. 

41. A method of intervertebral disc replacement 
between a superior vertebra and an adjacent inferior 
vertebra in a spine , said method comprising: 

25 excising a nucleus pulposus of an intervertebral 

disc while leaving intact an annulus fibrosis of the 
intervertebral disc; 

performing partial vertebrectomies on the superior 
vertebra and the inferior vertebra; 
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implanting an inferior fixation member into a body 
of the inferior vertebra; 

connecting a compressible member to said inferior 
fixation member; 
5 implanting a superior fixation member into the 

superior vertebra and connecting said compressible member 
to said superior fixation member, at least one of said 
superior fixation member and said inferior fixation 
member being adjustable in a direction substantially 
10 parallel to the spine; and 

adjusting said at least one of said superior 
fixation member and said inferior fixation member to pre- 
load said compressible member. 

42. An intervertebral prosthetic device for 
15 replacement of an intervertebral disc, comprising: 

a first fixation member having a first portion for 
positioning against subchondral bone within a cavity of 
a first vertebral body, a second portion opposite said 
first portion, and a telescopic element extending between 

20 said first portion and said second portion to adjust a 
length dimension of said first fixation member; 

a second fixation member having a bone-contacting 
portion for positioning against subchondral bone of a 
second vertebral body that is adjacent the first 

25 vertebral body; and 

a compressible member positioned between said second 
portion of said first fixation member and said second 
fixation member, said compressible member having at least 
one compressible element that compresses and expands in 

30 response to adjustment of said first fixation member. 

43, An intervertebral prosthetic device for 
replacement of an intervertebral disc, comprising: 

a first fixation member having a first longitudinal 
axis and at least one telescopic element that adjusts 
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a length dimension of said first fixation member along 
said first longitudinal axis; 

a second fixation member; and 

a compressible member positioned between said first 
5 fixation member and said second fixation member. 


PCT/US97/19610 




1/7 

-SUBSTITUTE SHEET (RULE 26) 


WO 98/22050 PCT/US97/19610 

FIG. 2 



to 

2/7 

SUBSTITUTE SHEET 4RULE 26) 


WO 98/22050 PCT/US97/19610 



S3 I 

EC 

I l 

• l 

• i 

• i 

• t 

• * 

• I 
i i 
l i 



3/7 

SUBSTITUTE SHEET (RULE 26) 


WO 98/22050 

FIG. 8 


PCT/US97/19610 




4/7 

SUBSTITUTE SHEET (RUIE 26) 



SUBSTITUTE SHEET (RULE 26) 


WO 98/22050 PCT/US97/19610 



6/7 

SUBSTITUTE SHEET (RULE 26) 


WO 98/22050 


PCT/US97/19610 



111 

SUBSTITUTE SHEET (RULE-26) 


INTERNATIONAL SEARCH REPORT 


Inter?. *nal Application No 

PCT/US 97/19610 


A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 A61F2/44 


Aocording to International Patent Classifioation (IPC) or to both national classrloation and IPC 


B. FIELDS SEARCHED 


Minimum documentation Marched (classification system followed by classification »ymbola) 

IPC 6 A61F 


Documentation searched other than minimum documentation to the extent that euoh document* are 


included in the fields searched 


Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passage* 


WO 95 19153 A (BEER) 20 July 1995 

see the whole document 

US 4 936 856 A (KELLER) 26 June 1990 


see column 3, line 58 - column 4, line 41; 
claims 1,5-7,12,13; figures 1,2,10,11 

US 4 309 777 A (PATIL) 12 January 1982 
cited in the application 


see the whole document 


Relevant to daim No. 


1,7,9, 

13,15, 

36,37, 

42,43 

25,34 

1,7,9, 

13,15, 

36,37, 

42,43 

4,5,17, 

29,30 

1,7,9, 
13,25, 
34,36, 
42,43 


m 


Further documents are listed in the continuation of box C. 


m 


Patent family members are listed in annex. 


• Special categories of cited documents : 

"A* document defining the general state of the art which is not 

considered to be of particular relevance 
'E* earlier document but published on or after the international 

filing date 

V document which may throw doubts on priority crfaim(a) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

*P* document published prior to the international filing date but 
later than the priority date claimed 


T later document published after the international fiBng date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 


"X* document of particular relevance ; the claimed invention 
cannot be considered novel or oannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular refevanoe; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art 

*V document member of the same patent family 


Date of the actual completion of the international search 


12 March 1998 


Date of mailing of the international search report 


19.03.98 


Name and mailing address of the ISA 

European Patent Offioe, P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nt. 
Fax: (+31-70)340-3016 


Authorized officer 


Klein, C 


Form PCT/tSA/210 (wcond ahoot) (July 1992) 


page 1 of 2 


INTERNATIONAL SEARCH REPORT 


tnten. ,nal Application No 

PCT/US 97/19610 


C(ConUnuation) DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication. where appropriate, of the relevant postages 


Relevant to claim No. 


EP 0 577 178 A (BRISTOL-MYERS SQUIBB 
COMPANY) 5 January 1994 
see claim 3; figures 1,2 

US 5 405 391 A (HEDNERSON) 11 April 1995 
see the whole document 

US 5 123 926 A (PISHARODI) 23 June 1992 

DE 94 13 778 U (SCHAFER MICOMED) 4 January 
1996 

US 4 759 769 A (HEDMAN) 26 July 1988 
cited in the application 


2.20 


5,17 


1 


Forni PCT/ISA/210 {continuation o* eecond •heel) (July 1992) 


page 2 of 2 


INTERNATIONAL SEARCH REPORT 


t lational application No. 

PCT/US 97/19610 


Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 


This International Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 

t. [7] Claims Nos.: 41 

because they relate to subject matter not required to be searched by this Authority, namely: 

Rule 39.1(iv) PCT - Method for treatment of the human or animal body by 
surgery 

2. I Claims Nos.: 

because they relate to parts of the International Application that do not comply with the prescribed requirements to such 

an extent that no meaningful International Search can be carried out, specifically: 


3. [ Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 


Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 

This International Searching Authonty found multiple inventions in this international application, as follows: 


1. I I As ail required additional search fees were timely paid by the applicant, this International Search Report covers all 
' ' searchable claims. 

2. [^] As aJI searchable claims could be searched without effort justifying an additional fee, this Authonty did not invite payment 

of any additional fee. 


3. I I As only some of the required additional search fees were timely paid by the applicant, this International Search Report 
I— J covers only those claims for which fees were paid, specifically claims Nos.: 


4. | ] No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is 
restncted to the invention first mentioned in the claims; it is covered by claims Nos.: 


Remark on Protest | | The additional search fees were accompanied by the applicant's protest. 

| j No protest accompanied the payment of additional search fees. 


Form PCT/ISA/21 0 (continuation of first sheet (1 )) (July 1 992) 


INTERNATIONAL SEARCH REPORT 

Information on patent family members 


Intern. ,nai Application Mo 

PCT/US 97/19610 


Patent document 
dieo in searcn repon 

Publication 
date 

Patent family 
member(s) 

ruoitcation 

date i 

WO 9519153 A 

20-07-95 

us 

5458642 A 

17-10-95 

US 4936855 A 

26-06-90 

DE 

8714635 U 

17-12-87 


EP 

0314951 A 

10-05-89 



JP 

1153153 A 

15-06-89 



JP 

2651220 B 

10-09-97 


US 4309777 A 12-01-82 NONE 


EP 577178 

A 

05-01-94 

DE 

4220218 A 

01 19 

US 5405391 

A 

11-04-95 

AU 

6137194 A 

14-09-94 



CA 

2155726 A 

01-09-94 




DE 

4491034 T 

25-04-96 




GB 

2290716 A,B 

10-01-96 




JP 

8506753 T 

23-07-96 




WO 

9418913 A 

01-09-94 

US 5123926 

A 

23-06-92 

NONE 


DE 9413778 

U 

04-01-96 

DE 

4432033 A 

29-02-96 

US 4759769 

A 

26-07-88 

CA 

1283501 A 

30-04-91 



DE 

3873566 A 

17-09-92 




EP 

0282161 A 

14-09-88 




JP 

1308557 A 

13-12-89 




JP 

1862420 C 

08-08-94 


Form PCT/ISA/210 (patent family annex) {.Ally t992) 


